Abstract In water stressed areas, water reuse has been identified as a key component of integral water resource management. However, the economics of water reuse projects are a major barrier for their implementation. The objectives of pricing for water demand management, pricing for encouraging the use of regenerated water, and pricing for cost recovery are not simultaneously achievable. In this paper, the major constraints hindering the implementation of the cost recovery principle in water reuse have been identified. Moreover, a twopart tariff with a combination of a decreasing and increasing rate structure for the variable charge is proposed as a partial solution to improve water reuse pricing. Finally, some policy recommendations from the perspective of integrated water resource management are formulated.
longer have enough water to meet their consumption, hygiene, and food needs (FAO 2010) . Therefore, many countries are forced to reuse regenerated water for several purposes.
Previous experiences have highlighted three key aspects that enhance the development of successful water reuse projects. Firstly, an increase in the quantity of wastewater treated. This water could be regenerated and reused for various purposes. For example, in Europe, the implementation of Directive 91/271/EEC has led to a significant increase in the percentage of people connected to urban wastewater treatment systems (WISE 2012) . The same trend has been observed in other regions worldwide. In this context, detailed data about the evolution of the number of people connected to sanitation systems worldwide can be consulted at WHO-UNICEF (2010) . Secondly, technical improvements in water regeneration systems have lead to the production of high quality water at affordable costs. Thirdly, the institutional focus on water reuse regulations has resulted in several guidelines and regulations, both at international and national level, being published to help reduce health and environmental risks (e.g. WHO-UNICEF 2006; USEPA 2004; MMA 2007) .
The reuse of water can be encouraged by meeting three fundamental objectives of integrated water resource management (EUWI 2007) : i) environmental sustainability by reducing the discharge of pollutants into water bodies, thereby improving the quantitative and qualitative status of those water bodies and reducing the need for chemical fertilisers (Alfarra et al. 2011) ; ii) economic efficiency alleviating scarcity by encouraging water efficiency, improving conservation, reducing wastage and balancing long-term water demand and water supply; and iii) contributing to food security by producing more food.
In spite of the significant benefits associated with the reuse of water, both from an economic and environmental point of view, the economics of water reuse projects have been identified as a major barrier for their enhanced implementation (Bixio et al. 2006) .
Economic theory has long suggested that the 'correct' pricing of goods such as water has the potential to yield considerable gains in economic efficiency (Rogers et al. 2002) . Essentially, changes in prices cause behavioural changes and, in the longer run, the installation of different forms of infrastructure (CSIRO 2004) . In this sense, economic efficiency requires that prices reflect the costs of producing and delivering water.
Water prices should reflect the financial, operational, and maintenance costs, as well as the capital costs of providing and administering water services. This idea has been formalised in Europe through the water framework directive (WFD, Directive 2000/60/EC) that demands the establishment of a full cost recovery principle for water services. However, in Europe, according to Aqualibrium (2003) , only England and Wales, Germany, and the Nordic countries have achieved cost recovery of their water services. In the case of American wastewater treatment utilities, most either recover less than 25 % of their operating costs, or they are unaware how much they are recovering (AWWA 2008) . Obviously, this situation is not desirable and requires corrective action.
While undertaking a water reuse project is fully justified in terms of objectives, it is not always possible to defray costs by charging tariffs. Moreover, who should pay for water reuse projects? Should only water users pay or should all beneficiaries contribute to costs?
Against this background, the aim of this paper is to discuss the economics of water reuse projects. Specifically, our analysis is focused on explaining why the cost recovery principle is met by very few water reuse projects. In this context, the major constraints hindering the implementation of this economic principle have been identified. A two-part tariff with a combination of a decreasing and increasing rate structures is proposed as a partial solution to improve the cost recovery of water reuse projects. Finally, as a conclusion, some policy recommendations have been formulated. This article contributes to understanding why most water reuse projects are subsided and also shows the incompatibility of the full cost recovery principle with encouraging the use of reclaimed water and reducing water consumption.
Pricing of Water Reuse
From an economic point of view, two types of water reuse projects can be identified: i) water reuse projects in which water is not chargeable; and ii) water reuse projects in which water is chargeable. The economics of both is discussed below.
Water Reuse Projects in Which Water is not Chargeable
These are projects of public interest. The regenerated water is used for purposes such as recharging aquifers, maintaining or restoring water bodies, public garden watering, and so on. All these projects have an element in common which is that regenerated water is charged at a zero tariff.
Although regenerated water is not charged, regulations and common sense say that the economic feasibility of these projects must be evaluated. Despite the fact that these projects do not generate income because the regenerated water is not sold, these projects create a number of significant positive externalities benefiting all society. In other words, although regenerated water is not chargeable, these projects produce positive economic impacts. Therefore, in order to justify the economic feasibility of such projects, the cost-benefit analysis (CBA) must involve not only internal but also external benefits.
In the literature, there are some works on which the economic feasibility of water reuse projects has been evaluated by analysing both internal and external impacts. Most focus on the monetary valuation of the environmental benefits from water reuse. For example, Seguí et al. (2009) have quantified the economic value using the travel cost method of restoring a wetland using regenerated water. Molinos-Senante et al. (2011) have proposed a methodology to estimate the monetary value of the environmental benefits derived from water reuse projects for environmental purposes. Through an empirical application they have verified that these projects are economically feasible if external benefits are incorporated in the assessment.
Some projects in Australia that aim to reduce or avoid effluent discharge of treated water into sensitive water bodies are not charged at all (WSAA 2005) . Mediterranean river basins often have a low flow, and water reuse is being used to achieve a good ecological status for water bodies. Some of these projects have been developed in Spain (CHJ 2012).
Water Reuse Projects in Which Water is Chargeable
The regenerated water in these projects is supplied to private users. The regulations allow different water uses such as golf course irrigation and industrial use; although agricultural irrigation is the most widespread use. The economics of these projects differ significantly from the previous projects because the water reuse systems are generally designed ad hoc in line with the characteristics of the private users.
Quality regulations must be considered when selecting appropriate treatment operations and processes for water regeneration. Iglesias et al. (2010) defined six treatment trains to achieve different quality groups according to Spanish legislation. In this context, the investment, operational, and maintenance costs of regenerating water vary greatly depending on the quality of the water required, the size of the wastewater treatment plant (WWTP), and climatic and geographical conditions (i.e. depending on the local circumstances in which the water reuse project is developed).
In Australia, the full cost of water reuse projects has been estimated to range from $1.45m 3 to over $3/m 3 (AATSE 2004). In Spain, investment costs vary from €5/m 3 produced/day to €736/m 3 produced/day and operational costs from €0.06/m 3 to €0.45/m 3 depending on the train treatment required according to the regenerated water uses (Iglesias et al. 2010 ). Cost distribution is variable depending on the type of treatment required and the distance from the WWTP to the point of water use. However, illustratively, the wastewater management authority of the Spanish region of Valencia reported that the average costs of operation and maintenance for secondary treatment are €0.26/m 3 , for tertiary treatment €0.32/m 3 and for more advanced technologies (reverse osmosis and ultrafiltration) €0.57/m 3 . It is estimated that the average cost of water distribution is around €0.10/m 3 (EPSAR 2011). Taking into account the principle of cost recovery and following the methodology (Eq. 1) applied by Hernández et al. (2006) ; Guerrero García Rojas et al. (2008); among others, in water reuse projects, for a specific year (t), the tariff of the water must be equal to or greater than the cost of regenerating the wastewater (Eq. 2).
Where B I 0internal benefit (€); AVW0annual volume of reclaimed wastewater (m 3 ); SPW0selling price of reclaimed wastewater (€/m 3 ); IC0investment costs (€); OMC0oper-ational and maintenance costs (€); FC0financial costs (€); T0taxes (€); and t0year.
The economics for achieving full cost recovery in water reuse projects are well known, yet in real projects they are hardly ever applied. There is a wide variation in the price of regenerated water depending on the type of use, flow rates, and local conditions -ranging from $0/m 3 to $0.52/m 3 (Morris et al. 2005 ). Taking into account the water regeneration costs and the tariffs paid by water users, it is obvious that in most cases some degree of subsidy is needed to recover the full costs. For example, the Italian Legislative Decree 152/2006 orders that, in order to promote water reuse, tariffs for industrial users must be discounted. In Israel, water reuse projects for agricultural purposes are highly subsidised. The Israeli state pays for transporting, pumping, and ponding regenerated water and for upgrading it to a 'high quality level'. From these costs, which can amount to $0.21/m event, the subsidy is less costly that treating wastewater to a quality suitable for discharge into surface water (Fine et al. 2006 ). In the United States (US), in addition to the price paid by water users, water utilities receive revenues to meet the operating costs for reclaiming water. The majority of these revenues are from the wastewater costumers (AWWA 2008) . Figure 1 shows that with the exception of Austria, Denmark, Germany, and Netherlands, the charge for drinking water in all the analysed countries is higher than for wastewater services. Taking into account the cost production of reclaimed water reported previously, it is shown that cost recovery in water reuse projects, even if only secondary treatment is required, is not achievable. For example, in 2007 in Spain and based on MMA (2012) for drinking water, the level of cost recovery was around 98 %, while the figure for sanitation services was 85 %. Therefore, if there is no full cost recovery for wastewater treatment services, for water reuse projects it is even more difficult to achieve this aim since these processes involve additional costs for the distribution of water and in many cases for more advanced treatments.
Why the Cost Recovery Principle is not met for Water Reuse Projects?
It has been illustrated that until now the principle of cost recovery is not met in almost all water reuse projects. The first step to improving the application of this economic principle is to identify the barriers that prevent policy makers establishing higher water reuse tariffs.
According to Hatton MacDonald et al. (2004) three assumptions are needed to employ a reasonable price strategy: i) the political climate accepts the 'polluter pays' principle; ii) the water users are likely to be responsive to price changes; and iii) there are no critical thresholds being approached such as a level of extraction where irreparable damage is likely to occur.
In general, the principle of polluter pays is accepted by urban and industrial users accustomed to charges for sanitation services. However, lack of experience means this principle is not accepted by many farmers. Therefore, it would be highly desirable to develop awareness and environmental education campaigns aimed at farmers.
Potential responsiveness to price is difficult to assess given the variety of users of regenerated water. For urban users, there are experiences illustrating how pricing is a good mechanism for reducing water consumption. For example, a typical household in the Australian Capital Territory consumed between 150 and 500 cubic meters of water per year prior to reforms and 150 to 300 cubic meters after the reforms of 1990s (Giurietto et al. 2002) . In the period of 2000-2010, urban water use in the city of Barcelona (Spain) fell from 133 to 107 litres per capita per day as a result of water pricing measures (AMB 2011).
The use of regenerated water for industrial use is less frequent except if there are exceptional situations such as prolonged drought. Industries with high water consumption processes usually establish water availability before choosing their location. Moreover, industries with low water consumption have an inelastic demand curve since water does not represent a significant item cost. Hence, in general terms, the industrial sector is insensitive to changes in water price.
Lastly, the agricultural sector presents a wide variety of situations. In this field, the response of farmers to changes in water tariffs is conditioned by aspects such as the existence of water rights, the productivity of the crops, or the existence of water markets. Therefore, before applying a pricing policy, it is necessary to study case by case. It is essential to understand the possible interferences, positive and negative, with other farming policies.
In general, to take measures in relation to water price, which includes regenerated water, it is vital to analyse demand elasticity for each use. Otherwise, it may be that the measures adopted do not lead to the expected results.
Another key aspect that makes the full cost recovery of water reuse projects very difficult is a low price for drinking water, which is subsidised in most cases. To encourage the use of regenerated water, tariffs should be significantly lower than those for drinking water. Tsagarakis and Georgantzis (2003) showed that the willingness to use regenerated water by farmers was strongly motivated by the price differential between conventional and reclaimed water. Therefore, in almost all water reuse projects the tariff for regenerated water ranges from 0 % to 25 % of drinking water rates (Radcliffe 2008) . AWWA (2008) reported that only five US projects achieved 75 to 100 % of drinking water rates. An example of this policy is the water reclamation and management scheme operating at Sydney Olympic Park and the nearby Newington Estate. This project started in 2000 and is capable of serving a population of 20,000 people using regenerated water (75 %) and stormwater (25 %). The price of the regenerated water is kept at $0.11/m 3 below Sydney's drinking water price (Hatton MacDonald and Proctor 2008) The basic idea, although not always considered by policy makers, is that pricing for water demand management, pricing to encourage the use of regenerated water, and pricing for cost recovery are not simultaneously achievable.
Various factors in the US influence the development of water reuse tariffs. For 42 % of utilities, it is more important to promote the use of reclaimed water than to recover the full cost of reclaimed water. Other utilities determine their rates based on market analysis (5 %), cost of service estimate (11 %), as a percentage of drinking water rates (16 %), or other factors (26 %) (AWWA 2008). Radcliffe (2003) suggested that reused water may well increase overall water consumption in some locations. In Rouse Hill, Australia, for example, reused water is priced at $0.28/ m 3 while drinking water is $0.98/m 3 . These tariffs are a good incentive to promote the use of regenerated water instead of drinking water. However, it is not possible to recover the full cost of the project unless water is subsidised and this does not seem to be a good policy for reducing water consumption.
Any pricing strategy will need to fit within the broad industrial, agricultural, and environmental policy setting of each case study. In this context, the successful implementation of pricing reform is often embedded in large reform processes (Dinar 2000) .
From the perspective of integrated water resources management, the analysis of water reuse economics should take into account the cost of regenerated water (and sometimes the benefits) as well as the costs of alternative water supply options such as drinking water, desalination water, or storm water. Hence, it is possible to determine a ranking of cost effective solutions for guaranteeing water demand.
If the tariffs of regenerated water must be increased to meet the principle of cost recovery, then the price of drinking water must also be increased to achieve the same aim and prevent growth in total water consumption. A more transparent full cost pricing of all water sources is required. In this sense, a higher cost for drinking water (full cost tariff) could be a factor driving some utilities into developing or expanding their regenerated water programs.
A Proposal for Water Reuse Pricing
Water reuse pricing aimed at simultaneously controlling water demand, encouraging water reuse and cost recovery is almost impossible. However, taking into account different water pricing methods for water consumption (Tsur and Dinar 1997) , a two-part tariff can be considered as a pragmatic approach to deal with these objectives.
This type of tariff fulfils the cost recovery objective while retaining efficiency aspects (Krugman and Wells 2010) . This strategy seeks to extract all of a consumer's surplus from their participation in the market.
Summarising the approach, the two-part price consists of a fixed charge and a volumetric charge for each unit of product consumed. The problem that arises in implementing this type of tariff is to set the most profitable combination of the fixed charge and the additional price for each unit purchased.
With a single consumer or a set of identical consumers, the optimal strategy is set the entry fee at the consumer surplus and the price-per-use at the marginal cost. The entry fee still equals the consumer surplus. This pricing method has been advocated and practiced for irrigation purposes (Tsur 2005) . In these experiences, the admission charge for the right to purchase water was the same for all farmers.
In the case of water reuse projects, the strategy is more complicated because water demand varies between consumers. Therefore, the charging system may discriminate between residential, industrial, or agricultural users; i.e. charge different prices to customers based on their water demand.
The key aspect for encouraging the use of regenerated water by implementing a two-part tariff can be summarised as follows. If the fixed charge is low, more users will initially be willing to pay to use regenerated water. In a general context, if the demand curves for users are known it is possible to estimate the fixed charge for each user. However, taking into account the specific circumstances of water reuse projects, a pragmatic solution may be to establish the fixed charge based on the willingness of potential users to pay for reclaimed water.
In Australia, agricultural and horticultural users often represent the lower end of the market. Industrial and residential users are willing to pay prices closer to the prices charged for drinking water (CSIRO 2004). Abu Madi et al. (2003) reported that in Saudi Arabia only 20 % of the treated water was reused by farmers because of their unwillingness to pay for reclaimed water. The establishment of a low fixed charge may be a way to break the barrier of an unwillingness to pay for regenerated water and make this water source more attractive.
Both components of the tariff (fixed and volumetric charge) should be reviewed periodically through a transparent process, although obviously the volumetric charge should be revised more frequently.
One of the advantages of the system is that it enables investments to be planned with some certainly about revenue streams and about how the components of price contribute to financing new infrastructures. This approach enables the recovery of the costs of infrastructure, while the volumetric charge portion sends important conservation messages to users (CSIRO 2004) . However, care must be taken to avoid double counting.
Fixed Charge
The fixed charge should be designed to ensure that all fixed costs are covered and should be roughly related to costs that do not vary in the short term. Hence, it is ensured that system assets are not simply run down in the short term (Hatton MacDonald and Proctor 2008) In the context of water reuse projects, fixed costs would include the costs relating to infrastructure (systems for regenerating the water and distribution network) including some accounting for the capital costs and scheduled and unplanned maintenance.
Volumetric Charge
The volumetric charge would include all volume-related costs such as operating and maintenance costs of water regenerating systems, pumping costs, and the costs of monitoring water quality.
As previously explained, the volumetric charge would at a minimum cover short-run marginal costs -but would ideally approach long-run marginal costs, including some of the major infrastructure changes that may be required to manage volume (unrelated externalities for water users in a manner consistent with society's aspirations with respect to sustainability (CSIRO 2004) ). The closer the volumetric charge is to the long-run marginal costs, the more efficient the charge will be.
Within the volumetric charge, there are three basic rate structures: a uniform charge, a declining charge, and an increasing charge. Equations (3), (4) and (5) show the formula of each. From the perspective of customer understanding and rate administration/billing the uniform charge is simple; while the declining and increasing charges are more complex. A declining charge will be used when the main aim is to promote the use of regenerated water. It incorporates the economies of scale present in water reuse projects. If water resources are scarce, the objective of water pricing is to reduce water consumption. Hence, an increasing change is more appropriate.
Uniform charge :
Declining charge :
Increasing charge :
Where C is the regenerated water cost per unit (€/m 3 ); K 0 , K 1 and K 2 are positive parameters and Q is the quantity of regenerated water consumed (m 3 /month) (Q>0). Because the objective of water pricing for regenerated water is twofold, we propose an alternative rate structure that is a combination of the decreasing and increasing rates (see Eq. (6)). Initially, when a utility or an administration develops a water reuse project, the aim is to break down social prejudices to using regenerated water. Therefore, a decreasing tariff is an excellent incentive to favour water reuse. When a certain quantity of regenerated water is consumed (Q′) and basic needs are covered it can be thought that the use of a large volume of water is due to its low price. Hence, if more than Q´cubic meters of regenerated water is consumed, it may be more adequate to establish an increasing charge rate. Note that the quantity of water on which there is a change in the type of tariff (Q′) must be estimated for each water reuse project. This estimate must take into account several characteristics -such as the customer's ability to pay, policy considerations, price of drinking water, equity, among others.
Declining À increasing charge :
Where C is the regenerated water cost per unit (€/m 3 ); K 1 and K 2 are positive parameters; Q is the quantity of regenerated water consumed (m 3 /month); and Q′ is the quantity of regenerated water on which it is considered that higher water consumption is due to a low price (m 3 /month) (Q′>Q>0). In a further step, the two-part tariff should incorporate not only internal costs but also externalities derived from water reuse (Fig. 2 ). This externality charge should be related as closely as possible to the avoided costs for preventing the discharge of treated water to the environment, or for preventing the abstraction of drinking water.
If this type of tariff is applied both for the supply of drinking water and for reuse water including externalities, then water reuse projects would strongly benefit. In the case of regenerated water, many of the extraction and distribution related externalities would be avoided and thus not included in the cost.
Another issue to take into account is the level of treatment required for water reuse. It is well known that depending on the destination and use, reclaimed water should meet different quality criteria. Hence, the type of treatment required and the cost associated varies. For example, water of secondary treatment quality could be used directly for some industrial and agriculture purposes, as long as its salt content is low. However, sometimes further treatment (tertiary or more advanced treatments such as ultrafiltration or reverse osmosis) are required to achieve an effluent of sufficiently high quality for other uses.
Regardless of the level of treatment required for the reclaimed water, the structure of the proposed tariff is the same, what changes are the items included in the fixed and volumetric charges. If reclaimed water is generated from secondary treatment, according to the polluter pays principle; this treatment (investment, operation, and maintenance costs) must be paid for by polluters and not by the users of reused water. Hence, the fixed charge of the tariff would only involve the distribution network. For the volumetric charge, operating and -Externalities unrelated to volume.
-Operating and maintenance costs.
-Pumping costs.
-Monitoring of water quality.
-Externalities associated with the volume of reused water. Fig. 2 Scheme for the two-part tariff for water reuse projects maintenance costs include those relative to the distribution network -but not costs associated with wastewater regeneration. If further treatments are required, these costs must be paid for by the users of the regenerated water. Therefore, the fixed charge is composed of the investment costs relative to the distribution network and the tertiary treatment. The operating and maintenance costs of the volumetric charge involve the costs relative to water regeneration and water distribution.
Conclusions
The strict application of the cost recovery principle would suggest that many water reuse projects would not be commissioned if the costs were only to be paid by private users. However, in this context, governments must participate in such projects since they generate positive externalities that improve the welfare of everyone.
Where there are critical environmental assets to be protected, or when for whatever reason, it is difficult to incorporate an externality charge, public investment may be required to impose on society the costs of protecting these assets. The intervention of the public administration in water reuse projects can be justified for several reasons. For example, water reuse projects may often be considered as an atypical application of the precautionary principle since they may avoid damages to water ecosystems. On other occasions, water reuse may prevent the construction of large and expensive infrastructure.
At present only when regenerated water is used for very productive uses, such as golf course irrigation, are the projects financially viable as independent business entities. For this reason, most water reuse projects have been developed on the basis of subsidies and grants. Low drinking water rates, which in most cases are subsidised, make uncompetitive regenerated water. If the principle of cost recovery were implemented both in the drinking water industry and water reuse industry, significant changes in tariffs would be produced, improving the competitiveness of the regenerated water.
The two-part tariff with a decreasing-increasing rate for volumetric charge seems to be a good alternative to encourage the use of regenerated water without increasing the total amount of water consumed. However, it is fundamental that pricing for drinking water also takes the cost recovery principle into account. Otherwise, regenerated water never will be competitive. The inclusion of externality charges in drinking water and regenerated water is very difficult because these externalities are often unperceived by society. Therefore, it will be essential to develop public awareness campaigns about the true cost and benefits of both sources of water.
Any pricing policy to encourage the reuse of reclaimed water cannot be adopted in isolation. From the point of view of integrated water resource management, it is essential to act globally on water prices from all sources. It makes no sense strictly applying the principle of cost recovery on water reuse projects while drinking water is subsidised. The same economic principles must be applied to all water sources so that they 'compete' on equal terms.
The principle of full cost recovering price accounting for environmental externalities represents an ambitious and long-term goal. Nevertheless, it is necessary to start introducing policies and mechanisms aimed to facilitate this objective. Moreover, awareness campaigns, education, and dissemination of results from previous experiences are needed to help change attitudes and encourage water reuse.
